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INTRODUCTION
Despite the recent medical improvements in cholesterol management, coronary heart disease (CHD) is still the leading cause of mortality and morbidity worldwide [1] .
Elevated total cholesterol (TC) and especially low density lipoprotein cholesterol (LDL-C) are major risk factors for the development of atherosclerosis and subsequently CHD [2] [3] [4] . It is now well-established that LDL-C lowering significantly decreases the incidence of atherosclerotic cardiovascular disease (ASCVD) [5] [6] [7] . Available data revealed that there is a corresponding 20-25% reduction in cardiovascular disease mortality for every 1.0 mmol/l reduction in LDL-C [8] .
D-003 is a mixture of high aliphatic primary acids isolated from sugarcane (Saccharum officinarum) wax [9, 10] . Its main component is octacosanoic acid, followed by triacontanoic, dotriacontanoic and tetracontanoic acids. There are also some other acids (hexacosanoic, heptacosanoic, nonacosanoic, hentriacontanoic, tritriacontanoic, pentatriacontanoic and hexacotriacontanoic) as minor components of this mixture [11] . D-003 showed very promising results as a lipid-lowering agent in both animal and clinical studies. All published studies about this compound recommended conducting well-designed, large-scale clinical studies to confirm its efficacy as a lipid-lowering agent. However, surprisingly since 2008, there have been no reports of completed or ongoing investigations into the lipid-lowering properties of D-003. Therefore, we have decided to remind this agent and comprehensively reviewed published reports about the lipid lowering effect of D-003 with regard to its promising results. 4 
MECHANISM OF ACTION
In fibroblasts cultured in a lipid-deficient medium (LDM), D-003 showed a dosedependent inhibition of cholesterol biosynthesis from 14 C-lablled acetate but not from 14 C-lablled mevalonate [12] . This revealed that D-003 inhibits cholesterol biosynthesis at a step between acetate consumption and mevalonate generation. In addition, D-003 did not show any direct effect on the activity of 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) reductase when added to the incubation mixture [12] . However, when it was added to the cultured cells, it suppressed the enzyme activity. This inhibitory effect could be explained by: (ɪ) suppression of de novo synthesis of the enzyme; (ɪɪ) enhancement of the enzyme degradation; or (ɪɪɪ) the effect of the drug on the physico-chemical properties of the endoplasmic reticulum based on the suggestion of some studies that presence of fatty acids with the incubated cultured cells can affect the composition of the membrane and this modulates the activity of HMG-CoA reductase (Figure 1 ) [13] [14] [15] [16] [17] . Also, Menendez et al. [12] hypothesized that D-003 may has an effect on HMG-CoA synthase up-regulation based on the fact that this enzyme is a key enzyme in the regulation of cholesterol biosynthesis pathway [18] , but this action was not investigated in their experiment.
Results from an experimental study on casein-induced hypercholesterolemia in rabbits revealed that D-003 also increases the clearance of LDL-C from serum by increasing the number of LDL receptors in the liver, in addition to its inhibitory effect on de novo synthesis of cholesterol [19] .
Finally, future studies are recommended to investigate the effect of D-003 on HMG-CoA synthase activity, cholesterol absorption and fecal excretion of bile acids to specify the precise actions of this compound.
EVIDENCE FROM ANIMAL STUDIES
In an experiment on normocholesterolemic rabbits, D-003 (5 to 200 mg/kg/day) for 30 days showed a reversible and dose-dependent decrease in circulating concentrations of TC and LDL-C [20] . Additionally, HDL-C concentrations were increased, but not in a dose-dependent manner. However, no effect on TG was observed. There was no evidence of drug-related toxicity. In 2004, Menedez et al. [19] investigated the effect of D-003 (5, 50 and 100 mg/kg/day) for 30 days on casein-induced hypercholesterolemia in rabbits, and they observed similar results.
A comparison was made between the lipid-lowering effects and toxicity profile of D-003 (5 mg/kg/day) and lovastatin (10 mg/kg/day) administered for 30 days in normocholesterolemic rabbits. D-003 and lovastatin showed similar reductions in LDL-C concentrations, while lovastatin was slightly superior to D-003 in lowering TC [21] .
Additionally, D-003 increased HDL-C and did not affect TG, while lovastatin did not increase HDL-C but decreased TG levels. When administered in these small doses, no safety indicators were affected. On the other hand when D-003 (200 and 400 mg/kg/day) was compared against lovastatin (100 mg/kg/day) for 10 days, the two drugs showed similar reductions in LDL-C and TC levels. In addition, D-003 increased HDL-C, but lovastatin did not. Neither drug altered plasma concentrations of TG. Lovastatin (100 6 mg/kg) but not D-003 (200 or 400 mg/kg) impaired bodyweight gain and food consumption, increased aspartate aminotransferase (AST), alanine aminotransferase (ALT) and liver weight, and induced hepatocellular and renal tubular necrosis. These data suggest a promising safety profile of D-003.
Another study compared the cholesterol-lowering effects of D-003 (5 mg/kg/day), fluvastatin (5 mg/kg/day) and their combination in normocholesterolemic rabbits for 30 days [22] . It demonstrated that D-003 and fluvastatin alone both significantly decreased LDL-C and TC. D-003 alone, but not fluvastatin alone, increased HDL-C. Fluvastatin, but not D-003 alone, was effective in decreasing TG. The combination therapy induced better therapeutic responses in case of HDL-C and TG than monotherapy but the reverse occurred in case of LDL-C and TC. Both treatments were well tolerated.
In an experimental study, Mendoza et al. [23] compared the cholesterol-lowering effects of D-003 and policosanol, a mixture of higher aliphatic alcohols that also purified from sugarcane, in normocholesterolemic New Zealand rabbits. Animals were randomly allocated to three groups: (ɪ) D-003 (5 mg/kg/day), (ɪɪ) policosanol (5 mg/kg/day) or (ɪɪɪ) control group, for 30 days. Both treatments significantly reduced serum TC and LDL-C, compared to baseline and control group. The reductions in TC were similar in the two treatments. However, the percentage reductions in LDL-C were significantly greater in D-003 group than in policosanol group. Additionally, both treatment significantly increased serum concentrations of HDL-C but the percentage increases were significantly greater in D-003 group. Neither of the two treatments affected TG values but both were well-tolerated. 
EVIDENCE FROM CLINICAL STUDIES
Castano et al. [24, 25] investigated the cholesterol-lowering effects of D-003 in healthy volunteers in two trials. The first was a single-blind, randomized, placebocontrolled, parallel trial conducted in 2002 and included 38 subjects [24] . D-003 (5, 25 and 50 mg/day) for 30 days significantly and dose-dependently reduced serum LDL-C (by 11.6 to 22.6%) and TC (by 13.3 to 17.4%). In addition, it increased HDL-C (by 14.6 to 29.7%). However, TG levels were not altered. These effects were reversed after stopping the treatment except for its effects on LDL-C and HDL-C that persisted for some time. The effect of D-003 on HDL-C was observed after 14 days of its administration, representing the first response to the treatment. D-003 was well tolerated and no drug-related adverse events were observed. Additionally, this trial confirmed the antiplatelet effects of D-003 that were investigated in other animal and clinical studies [26] [27] [28] [29] [30] [31] .
The second study was a double-blind, randomized, placebo-controlled trial in 46 healthy volunteers [25] . D-003 (5 and 10 mg/day) for 8 weeks led to results similar to the first trial. In addition, this trial revealed that D-003 also inhibits the susceptibility of LDL-C to lipid peroxidation, as demonstrated previously in experimental studies [32, 33] .
In another similar trial lasting only 30 days, D-003 (5 and 10 mg/day) similar results were seen, however in this case, D-003 (5 mg/day) failed to increase HDL-C [27] . This could be due to the short duration of treatment.
Forty one healthy volunteers were randomly allocated to either D-003 (5, 10 or 20 mg/day) or placebo for 10 days, to investigate the effects of D-003 on their lipid profile 8 and platelet aggregation [34] . Only D-003 (20 mg/day) could significantly lower serum LDL-C (by 13.9%, p < 0.05 versus placebo). D-003 (10 and 20 mg/day) significantly, not in a dose-dependent manner, increased HDL-C (by 20% and 21% respectively, p < 0.05 versus placebo). TC and TG concentrations were not affected, and this was expected due to the short duration of the treatment. In addition, D-003 significantly inhibited the platelet aggregation and did not affect any safety indicator.
A double-blind, randomized, placebo-controlled trial assessed the safety and efficacy of D-003 (5 and 10 mg/day) versus placebo in 51 patients aged > 60 years with TC concentrations of < 6.1 mmol/l [35] . The duration of the treatment was 8 weeks. D-003 at both doses (5 and 10 mg/day) significantly decreased serum LDL-C levels (by 15.8% and 23.8% respectively, p < 0.001) and also TC levels (by 13% and 16.8% respectively, p < 0.05) compared with placebo. HDL-C was significantly increased, compared with placebo, after treatment with each dose of D-003 (5 and 10 mg/day) by 5.7% and 18.2% respectively, p < 0.05 and p < 0.001 respectively. In subjects treated with D-003, there was a slight decrease in TG levels. However, this reduction (by 10.9%, p < 0.05 versus placebo) was only statistically significant with the higher dose of D-003 (10 mg/day). D-003 in both doses was well tolerated and also inhibited lipid peroxidation of LDL-C.
In a double-blind, parallel group clinical trial, 55 patients with type ɪɪ hypercholesterolemia were randomly allocated to either D-003 (5, 10, 20 or 40 mg/day) or placebo for 8 weeks [36] . D-003 significantly lowered, in a dose-dependent manner, both serum LDL-C and TC (by 20.5 to 26.1% and 13 to 17.9% respectively, p < 0.0001 versus baseline and placebo). Additionally, it significantly increased serum HDL-C (by 11.7 to 16.7%, p < 0.01 versus placebo), but not in a dose-dependent manner. TG 9 concentrations were not altered and the drug well-tolerated. This study also showed that 68.2% of patients received D-003 achieved their LDL-C targets according to their individual global risk status.
In 2008, Arruzazabala et al. [37] conducted a double-blind, placebo-controlled trial in which 56 hypercholesterolemic patients were randomized to titrated doses of D-003 (5-20 mg) or placebo for 45 days. In the D-003 group, LDL-C and TC were significantly decreased (by 22% and 14.7% respectively) compared with the placebo group (p < 0.0001 and p < 0.05 respectively). In addition, D-003 significantly increased HDL-C levels (by 10.9%) compared with placebo (p < 0.05). However, there were no differences in post-treatment values of TG in D-003 and placebo groups. D-003 did not affect any of the safety indicators and its antiplatelet effect was also confirmed in this study.
One hundred patients with type ɪɪ hypercholesterolemia were randomized, in a double-blind manner, to D-003 or policosanol [38] . Both preparations were tested at doses of 5 mg/day and 10 mg/day. The duration of the treatment was 8 weeks. In both doses, D-003 was more effective than policosanol in decreasing LDL-C and TC (p > 0.05), and also at increasing HDL-C. Neither of the two treatments altered TG levels but both were well tolerated. Clinical studies are summarized in Table 1 .
FUTURE PERSPECTIVES AND CONCLUSIONS
D-003 is very effective agent in lowering both serum LDL-C (up to 35%) and TC (up to 21%), and increasing HDL-C (up to 30%). It does not affect TG values. However, when combined with statins, TG were significantly lowered. Additionally, it showed a 10 favorable safety profile and did not affect any safety indicator. From the currently available data, we could not specify the most effective dose of this agent but 5 mg/day seems to be the minimal effective dose.
Future, large-scale RCTs are recommended to: (ɪ) specify the most effective dose of D-003, (ɪɪ) compare it with more other lipid lowering agents, (ɪɪɪ) investigate its effect when combined with other lipid lowering drugs, (ɪv) investigate its long term effect on TG due to relatively short duration of available studies, and (v) investigate its effects on other lipid parameters (e.g.: lipoprotein (a), apolipoprotein B and apolipoprotein A-1).
The precise mechanism of action of D-003 has not been also completely investigated.
Therefore, more experimental studies are still required to specify it. Finally, hypocholesterolemic effects of D-003 beside its possible antiplatelet, antithrombotic and antioxidant effects may have a promising potential in preventing the pathogenesis of atherosclerosis. 
